INTRODUCTION
============

Since the first report of human liver transplantation in 1963, patient and graft survival rates have continuously improved. However, organ shortage has been considered as one of the major obstacles of this treatment option and has resulted in the need for donor pool expansion \[[@B1],[@B2]\].

Living donor liver transplantation (LDLT), an alternative to classic deceased donor liver transplantation (DDLT), has become the mainstream treatment in East Asia because of the scarcity of cadaveric liver grafts. Furthermore, the proportion of aged donors in LDLT has gradually increased to meet this requirement \[[@B3],[@B4]\].

In cadaveric liver transplantation, commonly known donor risk factors include old age, hypotension duration, use of vasoactive agents, and the degree of steatosis \[[@B5],[@B6]\], among which age is generally considered as one of the most significant risk factors that negatively impact graft and patient survival \[[@B7],[@B8],[@B9]\].

The morphological and functional problems surrounding elderly donor livers have been well described. The representative morphological changes include a reduction in overall liver weight and size, as well as in the number of hepatocytes. It is known that these changes are attributable to an annually decreased hepatic blood flow of 0.3%-0.5%; by age 65 years, the liver volume reaches 40%-45% of its peak volume. However, no significant decrease in synthetic function occurs \[[@B6],[@B10]\].

Decreased clearance and increased sensitivity to certain drugs, especially warfarin, occurs because of decreasing microsomal oxidation rates with increasing age along with an increased incidence of cholelithiasis and related diseases \[[@B11]\]. Moreover, some studies have stated that the prevalence of hepatic artery thrombosis after liver transplantation increases with the increase in donor ages \[[@B7],[@B8]\].

Several studies have analyzed the impact of donor age on liver transplantation but have shown contradictory results \[[@B5],[@B9],[@B12],[@B13],[@B14],[@B15]\]. Moreover, LDLT has been the sole focus of only a few studies.

The aims of this study were to retrospectively evaluate the differences in survival length of recipients of liver transplants from elderly living donors and review their complications and causes of death.

METHODS
=======

We retrospectively reviewed the medical records of 604 LDLT recipients who underwent the procedure using a right liver graft between May 1999 and September 2012 in the Department of Surgery, Seoul St. Mary\'s Hospital, The Catholic University of Korea. This study was approved by the Institutional Review Board of The Catholic University of Korea.

We defined elderly donors as those ≥55 years of age \[[@B16],[@B17],[@B18]\]. The recipients were divided into two groups: group A included those recipients whose donors were elderly (≥55 years of age), and group B included those recipients whose donors were not elderly (\<55 years of age).

Preoperative evaluation
-----------------------

Donor age, sex, and the degree of hepatosteatosis were compared between the groups. Recipient age, sex, body mass index (BMI), and transplantation indications were also compared between the two groups. We measured the recipients\' Child-Turcotte-Pugh (CTP) and Model for End-stage Liver disease (MELD) scores in both groups to compare the preoperative disease severity. The patients of high-urgency were listed using United Network for Organ Sharing classification system, including status I and IIA.

The length of hospital stay, use of a T-tube, in-hospital mortality, and overall mortality were compared between the two groups to evaluate surgical outcomes. Postoperative complications were compared according to arterial, biliary, and portal vein complications; hepatocellular carcinoma recurrence; and the development of infection.

The median follow-up period was 58.5 months (6-143 months).

Donor evaluation
----------------

Although the general donor age recommendation in our institution is 16-55 years of age, the donors in this study were 16-67 years old. None of the donors had substantial medical conditions, and almost all were family members of the recipients. After the surgery was scheduled, all the candidates reconfirmed their voluntary participation with social workers and transplantation coordinators. Furthermore, all the donor candidates (with the exception of those participating in emergency operations) underwent psychiatric evaluations by psychiatrists at the beginning of the donor evaluation.

The anatomical structure of the vasculature and biliary tree and liver consistency were evaluated using abdominal CT, ultrasonography, and magnetic resonance cholangiopancreatography (MRCP). In cases of suspicious fatty liver of more than a moderate degree on preoperative ultrasonography, a preoperative percutaneous liver biopsy was performed. A degree of hepatosteatosis up to 30% was considered optimal.

All the patients were evaluated by preoperative CT volumetry to calculate the remnant liver volume after an imaginary right hepatectomy. We considered an estimated remnant liver volume \>35% to be optimal. If the remnant left liver volume was estimated to be \<35%, we shifted the procedure of a hepatic parenchymal cutting line 1 or 2 cm on the right lateral side to a conventional right hepatectomy procedure to ensure greater remnant liver volume in the donor. Donor candidates whose estimated remnant liver volume was \<30% were excluded from the operation.

Technical aspects
-----------------

A frozen section liver biopsy to evaluate the degree of hepatosteatosis was performed in all of the donors during the operation.

All of the hepatic grafts were perfused and preserved with iced Histidine-Triptophan-Ketoglutalate solution (Custodiol, JeniceParm, Seoul, Korea) through the portal vein and hepatic artery. The amount of perfusion solution used was at least three times that of the graft volume.

Until December 2004, T-tube insertion into the bile duct had been a routine procedure; however, since then, duct-to-duct biliary reconstruction without a stent became the standard technique, except in a few cases of expected stricture or leakage at the biliary anastomosis site such as multiple preoperative transarterial chemoembolization (attempted \>10 times) for hepatocellular carcinoma treatment and retransplantation or previous Roux-en-Y hepaticodochojejunostomy.

Postoperative care of the recipient
-----------------------------------

All of the recipients were managed using a standardized postoperative treatment protocol. Doppler ultrasonography was routinely performed to evaluate vascular structure patency and confirm bile duct dilatation on the first, third, and fifth postoperative days. On the 7th and 20th day after surgery, follow-up abdominal CT scans were performed to evaluate intra-abdominal statuses of vascular patency, liver regeneration status and the other intra-abdominal condition. On the 20th postoperative day, MRCP was performed to examine the status of the biliary system. CT scans with volumetry were performed regularly after discharge. If abnormal findings were suspected, then angiography, endoscopic retrograde cholangiopancreatography, or percutaneous transhepatic cholangiography was also performed, and an immediate interventional procedure was performed if indicated.

Immunosuppression
-----------------

Immunosuppression regimens were composed of a calcineurin inhibitor such as tacrolimus or cyclosporine, mycophenolate mofetil (MMF), and prednisolone. The dose of tacrolimus was adjusted to maintain serum levels of 7-10 ng/mL for the first month after surgery and 5-7 ng/mL thereafter. The dose of cyclosporine was adjusted to maintain serum levels of 100-150 ng/mL for the first month after surgery and 50-100 ng/mL thereafter. Withdrawal of steroids was generally completed at the first month after surgery, and MMF was discontinued between 3 and 6 months after surgery. An interleukin-2 receptor blocker was administered on the day of surgery prior to the operation and on the fourth day after surgery.

Statistical analysis
--------------------

Mean and standard deviation were used as numeric variables. Continuous variables were compared using the Student t-test, whereas categorical variables were analyzed using the chi-square test.

Survival data were analyzed using the Kaplan-Meier method to analyze graft and patient survival rates. The survival time distribution between groups was analyzed using the log-rank test. A P-value less than 0.05 was considered statistically significant.

RESULTS
=======

Donor
-----

A total of 604 cases were included in this study. Of the patients, 26 were recipients whose donors were ≥55 years of age (group A), whereas the remaining 578 patients had donors who were \<55 years of age (group B). The mean donor age was 59.4 ± 2.9 years (55-67 years) and 32.3 ± 9.9 years (16-54 years) in groups A and B, respectively. There was no statistically significant difference in the donor sex ratio between the groups (P = 0.406). The BMI score was 23.8 ± 2.5 kg/m^2^ in group A and 23.3 ± 3.7 kg/m^2^ in group B (P = 0.476). The degree of graft hepatosteatosis did not different statistically (7.9% ± 7.6% in group A *vs.* 5.2% ± 7.1% in group B, P = 0.061). The mean donor length of hospital stay was 12.9 ± 4.5 and 12.4 ± 3.2 days in groups A and B, respectively (P = 0.403). The mean graft liver volume was not significantly different between the groups (828.2 ± 234.5 mL *vs.* 870.0 ± 200.7 mL, respectively, P = 0.303), nor was the mean remnant liver volume of the donors (38.1% ± 5.1% *vs.* 37.7% ± 4.8%, respectively, P = 0.675). And then, the postoperative complication rate of donors in each groups was compared. In group A, there were 3 cases of liver dysfunction (11.5%), 2 cases of pleural effusion (7.7%) and 1 case of postoperative ileus (3.8%). There was no case of biliary complication and vascular complication in elderly donor group. All of the liver dysfunction was temporary, pleural effusion and postoperative ileus was spontaneously improved with conservative care. There was no statistically significantly difference in postoperative complication rate between two groups (P = 0.340) ([Table 1](#T1){ref-type="table"}).

Recipients
----------

The recipients\' characteristics and posttransplantation outcomes are presented in [Table 2](#T2){ref-type="table"}. There were no statistically significant differences in age, BMI, CTP score, MELD score, or proportion of the high urgency patients. There was also no significant difference in anatomic variation such as portal vein thrombosis and biliary variation that could affect the postoperative surgical complication rate (P = 0.466). However, the sex ratio of the recipients between the groups did differ significantly as follows: in group B, 418 patients (72.7%) were male, whereas in group A, 13 patients (50%) were male (P = 0.023). A T-tube was used during bile duct anastomosis in 5 cases (19.2%) in group A and 138 cases (23.9%) in group B (P = 0.586). The overall lengths of hospital and intensive care unit stays did not differ between the groups (33.3 ± 16.9 days *vs.* 30.3 ± 21.7 days, respectively, P = 0.481; 7.1 ± 1.2 days *vs.* 7.3 ± 5.4 days, respectively, P = 0.821). The most common indication for liver transplantation in both groups was liver cirrhosis due to HBV infection (88.5% *vs.* 70.3%, respectively, P = 0.048), followed by hepatocellular carcinoma (HCC: 53.8% *vs.* 41.1%, respectively, P = 0.225). The mean AFP level in all the patients and that in the patients with HCC did not differ significantly between the groups (64.3 ± 135.8 ng/mL *vs.* 67.9 ± 218.8 ng/mL, P = 0.933; 67.1 ± 133.6 ng/mL *vs.* 115.1 ± 07.0 ng/mL, P = 0.562, respectively). Among the patients with HCC, 2 patients (14.3%) in group A and 40 patients (16.8%) in group B experienced recurrence during the follow-up period. And then, the postoperative complication rate of recipient in each groups was compared. There were 8 cases of postoperative complication cases in group A. The most common postoperative complication was biliary complication (39.3%), there were 2 cases (25.0%) in group A and 79 cases (39.9%) in group B. However, there was no significant difference in overall complication rate between two groups (P = 0.637) ([Table 3](#T3){ref-type="table"}).

Although there was no significant difference in hospital mortality rate between the groups (7.7% *vs.* 7.4%, respectively, P = 0.955), the overall mortality rate was significantly higher in group A than in group B (46.2% *vs.* 18.1%, P = 0.004). A total of 12 patients in group A and 106 patients in group B died during the follow-up period. The causes of death in group A were biliary complications (n = 5, 41.7%), arterial complications (n = 2, 16.7%), HCC recurrence (n = 2, 16.7%), portal vein complications (n = 1, 8.3%), sepsis (n = 1, 8.3%), and other causes (n = 1, 8.3%). In group B, the causes of death included HCC recurrence (n = 31, 29.2%), sepsis (n = 23, 21.7%), biliary complications (n = 10, 9.4%), portal vein complications (n = 9, 8.5%), arterial complications (n = 5, 5.7%), and other causes (n = 27, 25.5%) ([Table 4](#T4){ref-type="table"}). The overall survival length was 31.2 ± 31.3 months in group A and 51.4 ± 40.8 months in group B (P = 0.013). The 1-, 3-, and 5-year posttransplantation survival rates were respectively 63.4%, 58.5%, and 44.6% in group A and 86.9%, 84.3%, and 80.7% in group B (P \< 0.001) ([Fig. 1](#F1){ref-type="fig"}).

DISCUSSION
==========

The use of elderly donor livers for LDLT remains controversial. Some studies reported favorable results \[[@B5],[@B13],[@B15]\], but others reported significantly increased risks of initial graft non function, and low graft and patient survival rates. However, almost all of the earlier studies were of DDLT \[[@B12],[@B14],[@B19],[@B20]\], and only one report was of LDLT \[[@B4]\].

Liver transplantation for end-stage liver disease and HCC seems to provide better results than other treatment modalities, but the scarcity of graft donors remains its major obstacle. Furthermore, there have been low numbers of brain death liver donors due to cultural customs, especially in Far East Asia. As such, family members would be the most promising source of liver grafts for LDLT in these areas. Therefore, we have no choice but to use the limited supplies of available liver grafts, meaning that we cannot deny elderly LDLT donor volunteers unless they are medically compromised. In this study, we tried to use of medically uncompromised donor graft and there was no significant difference in the post-operative complication rate of donors between usual and elderly group (P = 0.340).

Earlier studies stated that the cold ischemic time in DDLT negatively influences graft patency and is the major problem in grafts from elderly patients. However, this problem can be overcome in LDLT as demonstrated by the lack of cases of primary liver graft non function in the present study. Despite this, several complications other than primary liver graft non function occurred. Therefore, older donor age with or without other complications could negatively influence graft patency \[[@B21]\].

Our study showed that the outcomes including overall mortality rate and mean survival length in recipients of liver grafts from elderly living donors was significantly poorer than those of nonelderly donors (46.2% *vs.* 18.1%, P = 0.004). Nevertheless, the 5 year overall survival rate was 79.5% in the elderly group and 81.5% in the nonelderly group. This is a promising result compared with those of earlier reports that revealed 60%-80% survival rates \[[@B22],[@B23]\]. Moreover, there was no case of primary liver graft non function, a concern in DDLT using elderly donor grafts, and no other severe acute complications in our study. In addition, the hospital mortality rates did not differ significantly between the groups (7.7% *vs.* 7.4%, P = 0.955).

Some authors described that preoperative biliary and vascular anomaly was related with postoperative complication and eventually, could affect mortality rate \[[@B24],[@B25]\]. In this study, there was no significant difference in anatomic variation between two groups (P = 0.466) and the postoperative complication rate was not so different between groups (P = 0.637). Furthermore, there was also no statistically significant difference in terms of age, CTP score, MELD score, proportion of the high urgency patients, or other preoperative medical conditions between the recipient groups. Therefore, donor age might be the sole risk factor for reduced recipient survival rate in our study.

Woodhouse and Wynne \[[@B10]\] described that liver age itself may be associated with a loss in proliferative response and regeneration. This causes increased susceptibility to irreversible damage such as viral infection, ischemic injury, and impaired hepatic blood flow despite the appearance of well-maintained liver graft function.

Mutimer et al. \[[@B20]\] and other several investigators \[[@B6],[@B26]\] described that the use of elderly donors for HCV-infected recipients promotes HCV recurrence and hepatic fibrosis or even cirrhosis. This could explain the poor outcome of recipients of liver donations of elderly patients; however, it cannot explain our results because there were no patients with HCV in group A (recipients whose donors were ≥55 years of age). On the other hand, Lake \[[@B27]\] described that donor age was not related with disease recurrence or graft loss in patients with HBV.

Some investigators have suggested that the degree of hepatosteatosis of donor liver increases with age as a result of reduced protein synthesis, prolonged cholestasis, and delayed capacity for regeneration and described that with donor age, it was one of the most important risk factors for decreased graft and patient survival \[[@B10],[@B28]\]. In our study, the degree of hepatosteatosis of group A seemed to be higher than that of group B (7.9% ± 7.6% *vs.* 5.2% ± 7.1%), but the difference was not statistically significant (P = 0.061).

In group A, the most common cause of death was biliary complications (41.7%), followed by hepatic artery thrombosis and recurrent HCC. Most of the biliary complications arose from biliary anastomotic strictures. Its prevalence is similar or slightly higher than those described by others \[[@B29],[@B30]\]. Biliary complications are considered the most common problem after LDLT, but there have been no definite measurements for that without careful preoperative evaluation and the use of a meticulous surgical technique. Several studies have described that biliary complications, especially anastomotic and nonanastomotic strictures, are closely related to arterial complications, mainly hepatic artery thrombosis \[[@B7],[@B8]\].

Due to increasing the disparity between donors and recipients, expansion of the donor pool has become a serious issue. As the mean life expectancy continues to increase, increasing demands for elderly donors are emerging. However, our study shows a higher overall mortality rate in the group using elderly living donor livers (≥55 years of age) than in the group using younger living donor livers (\<55 years of age).

Our study showed conflicting results compared with that of Li et al. \[[@B3]\] in which the use of older donors in LDLT had no negative influence on donor or recipient outcomes. However, that study had some limitation. First, there were fewer enrolled elderly donors (21 *vs.* 26) and much fewer younger donors (108 *vs.* 578) than in our study. Decisively, the criteria used by that study to distinguish elderly donors (≥50 years of age) was more generous than those used in our study (≥55 years of age), which followed those of earlier reports \[[@B16],[@B17],[@B18]\] and many other transplant centers. Furthermore, the mean age of the recipients in that study who received livers from the elderly donors was much younger than that in our study (41.10 ± 10.26 years *vs.* 55.2 ± 11.8 years), which would influence the result to be more favorable than ours.

The limitation of this study was that it was not controlled or prospective; rather, it was a retrospective study. It also recruited a relatively small number of patients, especially in the elderly group. Because of the small number of cases, a multivariate analysis of the cause of death was not possible. As such, we think that a large and multicenter analysis of LDLT using elderly donor livers is required.

In conclusion, based on our results, we believe that LDLT using elderly donors (≥55 years of age) could induce more serious complications such as biliary strictures or hepatic artery thrombosis and could cause higher morbidity and mortality rates than LDLT using younger donors. As such, the selection of elderly donor livers should be made carefully.

No potential conflict of interest relevant to this article was reported.
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###### 

Donor characteristics in the comparison study using elderly donors and younger donors in the living donor liver transplantation
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Values are presented as mean ± standard deviation or number (%) unless otherwise indicated.

Group A, recipients of livers from elderly donors (≥55 years of age); group B, recipients of livers from younger donors (\<55 years of age).

^a)^Remnant donor liver volume, ^b)^Postoperative complications. ^c)^Mean ± standard deviation (range).
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Recipient characteristics and posttransplantation outcomes in the comparison study using elderly donors and younger donors in the living donor liver transplantation
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Values are presented as mean ± standard deviation or number (%).

Group A, recipients of livers from elderly donors (≥55 years of age); group B, recipients of livers from younger donors (\<55 years of age); BMI, body mass index; CTP, Child-Turcotte-Pugh; MELD, model for end stage liver disease; ICU, intensive care unit; HCC, hepatocellular carcinoma; PV, portal vein; Alc., alcohol.

^a)^High urgency included United Network for Organ Sharing status I and IIA.
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Comparison of the postoperative complications between two groups
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Values are presented as number (%).

Group A, recipients of livers from elderly donors (≥55 years of age); group B, recipients of livers from younger donors (\<55 years of age).

###### 

Cause of recipient death in the comparison study using elderly donors and younger donors in the living donor liver transplantation
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Values are presented as number (%).

Group A, recipients of livers from elderly donors (≥55 years of age); group B, recipients of livers from younger donors (\<55 years of age); HCC, hepatocellular carcinoma.
